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(57) ABSTRACT 

A System and method for controlling Swimming pool or Spa 
heaterS is provided in the present invention. The System and 
method control the temperature of the pool or Spa water and 
Saves energy by heating the water therein only when future 
weather conditions indicate that it will be feasible and cost 

effective to do So in an automated process that depends upon 
forecast and actual weather and measured data at the pool. 
The System and method also utilize prior actual experience 
in heating the pool or Spa to Subsequently improve energy 
Savings over time. 
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SWMMING POOLAND SPA HEATER CONTROL 
SYSTEMAND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Serial No. 60/436,972 entitled “Swimming Pool 
Control System and Method” filed on Dec. 31, 2002. Priority 
is claimed to this prior application and the entirety thereof is 
incorporated herein by reference. 

FIELD OF INVENTION 

0002 The present invention relates generally to a system 
for use in heating commercial and residential Swimming 
pools or Spas. More particularly the present invention relates 
to a System and method that controls the temperature of the 
water within Such structures in a manner that Saves energy 
by heating the water therein only when future weather 
conditions indicate that it will be feasible and cost effective 
to do So, in an automated process that depends upon the 
forecast and actual weather as well as information collected 
at the pool or Spa. The present invention also utilizes prior 
actual experience in heating the pool or Spa to Subsequently 
improve the process over time. 

BACKGROUND OF THE INVENTION 

0.003 Millions of Swimming pools and spas exist nation 
wide in both commercial and residential Settings. In order 
for the use of Such pools and Spas to be a pleasurable 
experience for the user, (collectively referred to hereafter as 
a pool or pools), they should be kept to within a relatively 
narrow temperature range. In order to accomplish this, most 
pools and virtually all larger and commercial operated pools 
employ various types of heaters at any place where the 
ambient air temperature is below the pool water temperature 
required for Swimming. Heating a large body of water 
consumes a great deal of energy. This translates into a large 
expense in the overall operation of the pool. 
0004 Heating of the water in Swimming pools is further 
complicated by the fact that Some of the heated pools are 
outdoors and therefore exposed to the ambient outdoor 
temperatures and other weather conditions. It is not uncom 
mon for a temperature variation in a given day to be twenty 
degrees or more. It is usually desired to heat the water in the 
pool to a temperature Significantly higher than the minimum 
daily outdoor temperature. A large amount of heating energy 
must therefore be used on a daily basis to maintain the pool 
at a temperature that is acceptable for use. This results in a 
high potential for wasting energy. 
0005. This problem in potential energy waste is further 
compounded when the pool is heated during periods of 
unusually cool weather or during Seasons where the weather 
is mixed. In Such Seasons, there may be months that have 
Virtually an equal number of days that are Suitable for 
Swimming and days that are unsuitable for doing SO. Several 
days in Succession that are not Suitable for Swimming may 
occur as a result of an extended cold Spell. Alternatively, 
Single days where the ambient temperature and/or wind 
conditions are unsuitable for Swimming may occur Sporadi 
cally throughout a given week or month. 
0006 Thermostatic control devices are commonly used 
with Swimming pool heaters. These devices generally check 
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the temperature of the water in the Swimming pool on a 
regular basis and cause the heaters to cycle on or off when 
the temperature of the pool water goes above or below a 
pre-Selected value. Thermostatic control Systems are quite 
useful when the weather is consistently Swimmable. Ther 
mostatic control Systems have, however, proven to be inef 
ficient in situations where there are large differences in the 
ambient temperature over a given time period or where it is 
expected that the ambient temperature or other weather 
conditions will be unsuitable for Swimming for a period of 
one or more days. In Such situations, Since the reduced 
temperatures would significantly lower the temperature of 
the pool water, the thermostatic control would tend to keep 
the heaters continuously on in order to attempt to counteract 
this environmental condition. 

0007. This operation can turn out to be a potentially futile 
and wasteful exercise Since the conditions in upcoming 
weather may be Such that the heaters either cannot achieve 
or maintain the pre-desired minimum pool water tempera 
ture. Even if the thermostatic control can maintain the 
pre-desired minimum temperature, ambient weather condi 
tions may not be Suitable for Swimming during Scheduled 
operating hours Since the thermostat does not know these 
facts and a complete waste of energy can result. 

0008 Some thermostatic control systems for Swimming 
also take into account the time of the day and turn the heaters 
on or off at pre-Selected times. Such Systems also Suffer from 
the same lack of information regarding the actual and future 
weather conditions that the pool will face. The heating of 
pools by these Systems is entirely unrelated to whether the 
future weather conditions at the time of the next scheduled 
opening of the pool will be favorable for Swimming. 

0009. Several prior solutions to these problems have been 
proposed but each has had its shortcomings. For example, at 
one known location, the Solution to the mixed weather 
encountered has been to heat the pool twenty-four hours a 
day, Seven days a week regardless of the weather. When the 
weather was Suitable for Swimming, the pool water was 
generally warm enough as a result of Such a heating routine. 
Although this was effective in most instances to maintain the 
pool water temperature at a usable level, tremendous 
amounts of energy were wasted by heating the pool in vain 
when the ambient temperature and/or wind conditions were 
not favorable enough to use the pool. The major reason that 
the pools were not used for Swimming was cold weather and 
high winds. Use of this brute force-heating regimen usually 
resulted when a pool operator's prior attempts to control 
energy use had failed. In the winter months when the energy 
usage was highest, this pool was used less than half the time 
due to the temperature or the wind. 

0010. Other proposed solutions have installed various 
devices in an attempt to Save energy. Such devices, in effect, 
shut the heaters off for part of the day based on an ambient 
temperature that the pool operator pre-Selected. The ambient 
temperature Selected by the pool operators was close to the 
average temperature in the winter months at that location. 
Most of these devices accomplished at least Some minimal 
energy Savings when compared to heating the pool on a 
continuous basis. The drawbacks of Such devices however 
have been that they have seldom heated the pool water to a 
temperature high enough for Swimming in the winter 
months. 
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0.011 This procedure often introduced other drawbacks 
Since it utilized only ambient temperature as a control 
condition and didn't take the pool water temperature into 
account. For example, when the temperature of the pool 
water went down from a cold spell, the heaters very often 
could not reheat the pool within the reasonable time, because 
the heaters could not catch up by being on only part time. 
This condition of water that was too cold to Swim in could 
go on for Several days until the weather got unseasonably 
warm and/or until the cycling of the pool heaters could 
Sufficiently increase the temperature of the water. Although 
this device at times Saved more energy, it effectively pro 
hibited the pool water temperature from being high enough 
for Swimming unless Several warm days occurred in a row. 
AS Such, on many days where the ambient temperature was 
high enough to permit Swimming, the water was not, result 
ing in a nearly complete waste of energy in heating the pool. 
0012 More sophisticated attempts to overcome these 
problems have also been attempted. Automatic control SyS 
tems have been used that would Sense either the temperature 
of the pool water and/or the ambient temperature and turn 
the heaters off when the temperature dropped below a certain 
point. Such systems, however, contemplated only the then 
current temperature and not any future potential variations in 
the weather over any time periods. Other Such Systems have 
involved computer control Systems that continuously moni 
tor existing outside temperature and modify the operation of 
pool heaters accordingly based upon the then current 
weather conditions. Such devices have also been able to take 
into account the time of day or the day of the week in 
determining whether the heaters should be in an on or off 
condition but do not utilize forecast data or prior experience 
in heating the pool. These devices likewise make use of only 
current and not future weather conditions. 

0013 Some electronic control systems have been used in 
devices Such as crop irrigation Systems that have utilized 
weather forecast data to determine, for example, when to 
turn the System on. Such Systems simply check whether rain 
is forecast for the next day in determining whether to turn 
the water on in the time period just prior to that day. These 
Systems do not monitor Soil moisture conditions, continu 
ously monitor the forecast for change, take into account the 
amount of forecast rain or record and utilize past perfor 
mance data and we therefore do not contemplate their 
Suitability for use or adaptation for use of Such Systems in 
Swimming pools. It is apparent therefore that a need exists 
for an improved System and method for controlling the 
heating of a Swimming pool that appropriately utilizes 
factorS Such as future forecast data and past performance of 
the System in determining when the heaters can be turned off 
to Save energy and thereafter when to turn the heaters on to 
ensure that the pool water will be sufficiently heated to 
permit Swimming when the ambient temperature and/or 
other weather conditions are Sufficient to do So. 

SUMMARY OF THE INVENTION 

0.014. The present invention provides an improved con 
trol System for heating the water in Swimming pools in a cost 
and energy efficient manner. It is intended that the System 
and method of the present invention heat the Swimming 
pools when the weather at a pre-Selected time in the future 
will be suitable for Swimming and that the system not waste 
energy heating the pool when the weather is not or will not 
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be Suitable for Swimming over an extended period of time. 
It is intended that the System Save energy outside the 
Swimming pool operating hours by Shutting the heaters 
down and turning the heaters back on using essentially the 
Same procedures. 
0015 Using forecast weather data, the system continu 
ously looks for times in the future when ambient weather 
conditions will not meet the minimum user pre-Selected 
conditions for Swimming at the next opening time for the 
pool. When such an event is detected and it is verified that 
there is Sufficient time for the normal pool heating cycle to 
be interrupted, the system shuts off the pool heater. The 
System takes into account forecast weather data and then 
calculates the time required to raise the water temperature to 
a pre-selected (Swimmable) operating temperature at a pre 
determined time in the future by calculating the number of 
hours required to Sufficiently raise the temperature to the 
pre-Selected level. The System accomplishes this by factor 
ing in the weather conditions that are predicted to occur from 
the time that it shuts off until the time that the pool needs to 
be ready for operation. The heaters are then turned on at the 
appropriately calculated time and left on until the next 
Scheduled opening time for the pool when conditions will be 
favorable for Swimming. 
0016. The present invention also has the application and 
capability to shut pool heaters off when they are not needed 
based on the operating hours of the pool. The System 
otherwise operates normally and calculates when to turn the 
heaters on, prior to opening, to have the correct temperature 
for the next Scheduled opening. The System is then improved 
or Self corrected by recording the temperature of the water 
as it is heated and Simultaneously recording the forecast 
weather conditions from the same place as the variables used 
to Store and recall the measured data. This information 
measured is used to improve the calculation for future times 
that encounter these same forecast weather conditions. Fore 
cast weather is used to Store and recall measured data. 

0017 Except for a short time during start-up, a mature 
installation of this invention simply measures the change in 
water temperature for a given Set of conditions and using this 
information to predict how long to heat the pool, beginning 
at a time in the future, under the Same conditions. The 
System uses multiple spreadsheets to track the independent 
variables, time of day, wind direction, wind Velocity, and 
Vapor preSSures as the independent variables used. The 
independent variables of temperature, humidity and altitude 
are included in the vapor preSSure number. The procedures 
and equations used are Set forth in detail below. These and 
other objects of the invention are provided in a Swimming 
pool control System and method having a heater with a 
control mechanism, comprising the Steps of establishing and 
recording a minimum temperature, a maximum wind Speed, 
pool water temperature and a plurality of times and dates in 
the future that will permit use of Said pool, checking the 
forecast weather for a first future time period and comparing 
the forecast air temperature and wind Speed against Said air 
temperature and wind Speed from Said establishing Step for 
Said time period to determine if they will not permit use of 
Said pool for any of Said times and dates established in Said 
establishing Step within Said first future time period and 
recording the first Said unpermitted time and date, determin 
ing the next time and date in Said first future time period that 
is after Said first unpermitted time and date recorded in Said 
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checking Step that will permit use of Said pool by comparing 
the forecast air temperature and wind Speed for the remain 
der of Said first future time period to Said air temperature and 
wind Speed from Said establishing Step and recording any 
Said next time and date, calculating the time required for Said 
heater to heat the pool water to Said temperature from Said 
establishing Step prior to Said next time and date that will 
permit use of Said pool from Said determining Step and 
predicting the temperature of the water in the pool for all 
times between the current time and date and Said next time 
and date that will permit use of Said pool from Said deter 
mining Step utilizing the forecast weather for this time 
period; measuring the temperature of the pool water, peri 
odically comparing the measured pool water temperature 
from Said measuring Step and Said predicted pool water 
temperature from Said calculating Step for the same time; 
overriding the heater control mechanism and causing the 
heater to be turned off if Said checking Step records a first 
unpermitted time and date and Said measured pool water 
temperature is greater than Said predicted pool water tem 
perature and thereafter causing Said heater to be turned on if 
Said measured pool water temperature is not greater than 
Said predicted pool water temperature and returning control 
to Said heater control mechanism at Said next time and date 
that will permit use of Said pool from Said determining Step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. These and other aspects of the invention will 
become better understood from the following detailed 
description of various embodiments, when taken in conjunc 
tion with the drawings wherein: 

0.019 FIG. 1 is a schematic diagram for the general 
System of one embodiment of the present invention; 

0020 FIG. 2 is a schematic diagram for the general 
System of one embodiment of the present invention; 

0021 FIG. 3 is a general flow diagram of one embodi 
ment of the System of the present invention; 
0022 FIG. 4 is a general flow diagram of the steps that 
are utilized to determine whether an event is present in 
accordance with one embodiment of the present invention; 

0023 FIG. 5 is a schematic diagram of a control/limit 
System and modification of an existing pool heater in 
accordance with one embodiment of the present invention; 

0024 FIG. 6 is a graphical illustration of the operation of 
a single cycle of one embodiment of the present invention; 

0.025 FIG. 7A is an illustration of an exemplary spread 
sheet calculation for determining Tc in accordance with one 
embodiment of the present invention; 

0.026 FIG. 7B is an illustration of an exemplary spread 
sheet calculation for calculating Vwa and recording Tm in 
accordance with one embodiment of the present invention; 

0.027 FIG. 7C is an illustration of an exemplary spread 
sheet calculation for determining one of the Vw matrix with 
Start-up values. 

0028 FIG. 7D is an illustration of an exemplary spread 
sheet calculation for Solar radiation energy in accordance 
with one embodiment of the present invention; 
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0029 FIG. 7E is an illustration of an exemplary spread 
sheet calculation for forecast weather inputs and hourly 
logic in accordance with one embodiment of the present 
invention; 

0030 FIG. 7F is an illustration of an exemplary spread 
sheet for one X-Y matrix for determining Vwf vs. Pw-Pdp 
in accordance with one embodiment of the present inven 
tion; 

0031 FIG. 7G is an illustration of an exemplary spread 
sheet detailing X-Y matrix numbers in accordance with one 
embodiment of the present invention; 
0032 FIG. 7H is an illustration of an exemplary spread 
sheet illustrating Vw (velocity of the wind) matrix numbers. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS 

0033 Certain preferred embodiments of the present 
invention will now be described in detail. The embodiments 
Set forth below describe the present invention in connection 
with a System and method for controlling the heating of 
Swimming pools. These embodiments are only exemplary 
and are not meant to be limiting. It should be understood that 
the present invention can be used to achieve equally ben 
eficial results in Spas and other Similar recreational bodies of 
water in addition to Swimming pools. The terms pool or 
pools as used throughout this document should be inter 
preted to mean any pool, Spa or any Similar enclosed 
recreational body of water. 
0034. The present invention is based upon several fun 
damental premises. Swimming pools in Some cases are 
heated but not used. When a Swimming pool is heated but 
not used, energy is wasted. Much of the wasted energy 
comes from evaporation of the water, So water is also lost. 
Minimizing wasted energy in the heating of Swimming pools 
is important. If pools are not used because of prevailing or 
forecast weather conditions Such as low temperature or high 
winds, this is measurable or predictable. The heaters can be 
shut off in anticipation of the forecast weather resulting in a 
tremendous potential energy Savings. Determining when the 
future weather will be suitable for Swimming during the 
operating hours of the pool is predictable, based upon the 
weather forecast. If pools are not used during certain hours 
(overnight for instance) the same principles can be applied, 
resulting in potentially significant energy Savings without 
interfering with the next Scheduled opening. 

0035. The number of hours that it would take to heat a 
Swimming pool to a specified temperature at a Specified 
future time given the intervening forecast weather condi 
tions can be calculated. The calculated time can be used to 
turn the heaters on in advance of the next Scheduled opening 
of the pool that will coincide with weather conditions that 
will be suitable for Swimming. The water temperature of the 
pool and the current weather can be measured and recorded 
and croSS-referenced with time and date data for each 
heating cycle. The recorded information can be used to 
improve the theoretical calculations initially utilized to heat 
the pool. In this manner, the heating calculations are con 
tinuously improved based upon real world experience where 
the Swimming pool becomes its own laboratory. By consid 
ering multiple issues Simultaneously the controller effec 
tively manages the pool. 
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0.036 The major savings in energy permitted by the 
present invention will be for pools that can be effectively 
shut down and restarted timely for major changes in the 
weather. Some pools, Such as lap pools used by master 
SwimmerS are required every day almost regardless of the 
weather. The present invention Still permits a Saving in 
energy to be accomplished in these situations. If the pool is 
closed at night the present invention can Shut the heaters off 
and Save energy for most nights. Any time the heaters are off 
and the pool can be reheated in time for usage energy will 
be saved. A cooler body, the leSS heated Swimming pool will 
lose leSS energy than a warmer Swimming pool. In general 
any time the heaters can be off and the pool still be ready for 
the next Scheduled opening energy will be saved. 
0037 FIGS. 1 and 2 illustrate schematic diagrams for 
two embodiments of the general System of the present 
invention. It should be understood that the various general 
and detailed embodiments described herein are only exem 
plary and not intended to be limiting. Individual elements 
and Subroutines of the system will be described in detail 
following this general description. The present invention 
does not require existing pool equipment to be modified 
except to allow for interruptions of the Signals to the heaters 
that call for heat and for the insertion of a computer 
controlled apparatus to measure the pool's water tempera 
ture. The present invention utilizes a controller 2 that does 
not directly control the heaters 5 or the Swimming pool 3. 
The controller 2 can be located at the pool site or more 
preferably at a less hostile remote location in communica 
tion with the pool heater control 4 via the internet, wireless, 
hardwire or other Similar known on demand communica 
tions link. The controller 2 of the present invention can be 
implemented with Software or the like, using a computer, 
such as Penguin Computing Relion(R) or Dell Dimension 
400E) or other device containing a similar central processing 
unit (CPU). 
0038. As illustrated in FIG. 1, the controller 2 can 
receive water temperature data from the pool 3 on a con 
tinuous basis at any time it chooses to do So. Similarly the 
controller 2 also receives weather data generally indicated at 
1, which includes forecast weather that is often provided in 
periodic intervals. The heaters 5 are controlled by standard 
equipment Such as a thermoStatic or Similar control System 
generally designated at 5 usually furnished by the heater 
manufacturer. The heater control is a Serial line that can be 
interrupted by a variety of well known controls Such as the 
thermostat, interlocks and multiple Safety devices. This 
Serial line is broken by the controller 2 and a relay, Such as 
J-Works model JSB-210 in known fashion. One such typical 
system is illustrated in FIG. 5. A relay is furnished for each 
heater with a separate control line. 
0.039 The controller 2 interrupts and overrides the com 
mands from the control system 4 only when the controller 
determines that an event is present as defined by the System 
that necessitates Such action. When no Such event is present, 
the controller is in its non-activated condition. In this 
condition the pool heaters 5 and the heater control 4 operate 
based on that equipment alone. When the controller is not 
activated it is as if it is invisible to the system. The controller 
2 activates and deactivates in response to events it detects in 
order to control the pool heating efficiency. An example of 
Such an event would be when the combined data indicates 
that there will be an upcoming cold Spell Such that the 
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ambient temperature and/or wind conditions will not be 
Suitable for Swimming at a preselected time in the future 
Such as the next Scheduled opening of the pool. 

0040. The controller 2 contains a set of criteria that has 
been pre-Selected by the operator of a Swimming pool in 
order to determine whether an event is present. The criteria 
can include, for example, the operating hours for the pool, 
the minimum temperature and maximum wind Speed to 
permit the pool to be used during Scheduled operating hours. 
The controller 2 receives and monitors temperature data on 
demand from the pool 3 and weather data 1 which is 
combined, correlated and compared to the pre-Selected cri 
teria in order to decide whether to interrupt the normal 
heating cycle of the pool heaters. If the controller 2 deter 
mines that an event is present (that is the pool is not needed 
or conditions will not be favorable to Swimming at a time in 
the future that forecast data is available for and the heaters 
can be shut down) a short-cycling test and pool recovery 
time test are completed prior to overriding the heater control. 

0041. The pool recovery test determines that the mea 
Sured pool water temperature in current time, Tm, is greater 
than the calculated pool water temperature projected to the 
current time, Tc. This means that there is more time between 
the points B and A as illustrated in FIG. 6 than needed to 
heat the pool. The short-cycle test simply confirms that the 
time between shut down (current time B in FIG. 6) and the 
next Scheduled opening with Swimmable weather conditions 
(A' in FIG. 6) is greater than two hours. If either test criteria 
is not met the controller 2 will not interrupt the heater 
control 4 and will not cause the heaters 5 to be shut down. 
If both tests are met, the controller 2 overrides any existing 
command from the heater control 4 and causes the heaters 5 
to shut down the controller 2 then begins its routine to 
determine when the heaters should be enabled so that the 
pool temperature will be brought up to a preselected tem 
perature to permit Swimming at a time in the future when the 
ambient weather conditions will likewise be favorable. 

0042 Energy efficiency is achieved by not heating the 
pool when it will not be used due to unfavorable weather 
conditions. Further efficiency is achieved by heating the pool 
only as long as is necessary to bring the pool temperature to 
a preselected level at a given opening time. During the time 
that the controller 2 interrupts the command from the heater 
control 5 and turns the heaters off, the controller compares 
the current measured pool water temperature Tm to the 
calculated pool water temperature Tc projected to the current 
time. If Tm is greater than Tc at the current time, the event 
continues with the heaters off. If Tm is equal to or less than 
Tc the heaters are turned on. The controller monitors for any 
changes to its initial calculation and resulting decision as to 
the time to turn the pool heaters back on. The ambient 
weather (present and past) conditions at the pool are 
reflected in the measured pool water temperature Tm. Once 
the controller 2 causes the heaters to be turned back on, they 
generally remain on with the controller monitoring and 
recording the pool temperature Tm and forecast weather 
conditions until the next Scheduled opening time of the pool 
when the ambient weather conditions will be favorable for 
Swimming. At that time the controller 2 deactivates and 
returns to its non-activating monitoring Stage and the heaters 
5 operate in accordance with commands from the heater 
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control 4 until and unless the controller 2 Senses another 
event present that would cause an override of the heater 
control 4. 

0043. As illustrated in FIG. 2, a central station 8 that is 
capable of monitoring and controlling heater operations at 
either a single pool or at a plurality of different locations 
Such as sites 10, 11, 12 and 13 can also be utilized. Use of 
Such a device is facilitated by the fact that the communica 
tions link 9 between the central computer, the pool controller 
itself and outside data Sources Such as weather data, can be 
provided via the internet or other known communications 
device. 

0044) The fundamental logic and operation of the present 
invention is illustrated in FIG. 6. The temperature of the 
water in the pool is shown as the vertical or Y-axis. Time is 
shown on the horizontal or X-axis. Point A is the water 
temperature (Tswim) defined by the pool operator at the next 
Scheduled or Swimmable opening, which will occur at time 
A'. The time B is where the controller shut the heaters off 
providing certain conditions are complied with. The mea 
Sured temperature of the pool, Tm, at time B is indicated at 
point B. The time C' indicates a scheduled pool opening 
time where conditions will not be Swimmable in accordance 
with operator pre-selected limits. To turn the heaters off, the 
time and date point A must be determined. The time and 
date point A' is determined by a logic decision Such as 
illustrated in FIG. 7E. An example of this calculation is 
illustrated in FIG. 7E, the time of the next scheduled or 
Swimmable opening A' is determined at the next time that 
Simultaneously the pool is Scheduled to be open and is below 
a pre-Selected limit, the ambient temperature is above a 
pre-selected limit and no rain is present (FIG. 7E, columns 
J-S). From point A the water temperature Tc is calculated 
from the future towards the current time backwards in one 
hour increments, based upon the current weather forecast, to 
the current time. An example of this calculation is illustrated 
in FIG. 7A. Tc is represented as the dashed line on FIG. 6. 
Tc could also be a non-linear curve depending upon the 
particular pool and weather. 

0045. If more than two hours exist between the points A' 
and B and if TmdTe at the present time (B' FIG. 6) the 
heaters are shut off. TmcTc means there is more time (such 
as from time C to point D' in FIG. 6) to heat the pool to 
temperature Aby time A' than needed. Every fifteen minutes 
Tm is measured and compared to Tc and if TmdTc the 
heaters remain off. If Tm is less than or equal Tc (Such as 
point D in FIG. 6) the controller turned the heaters on. 
Tm=Tc means that the time to heat the pool to the prede 
termined temperature A by the time A' is mathematically 
identical to the time between points D' and A' in FIG. 6. 
TmkTc means that the heaters are mathematically behind in 
heating the pool to temperature Aby the time A', based upon 
the forecast weather between the present time and the time 
A'. Such occurrence is limited to fifteen minutes in this 
example. Once the controller turns the heaters on at time D' 
Tm data is recorded on the hour. In the alternative, the 
heaters can be on for a pre-determined period of time prior 
D". This can be accomplished by reducing Tm or increasing 
Tc a Small fixed amount in order to avoid getting behind in 
the heating. 

0046 Referring now to FIGS. 3 and 4, the operation of 
one preferred embodiment of the System as illustrated gen 
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erally in FIG. 1 and the controller generally designated as 2 
will now be discussed in detail. The controller features a data 
merger 19 that Stores, combines and organizes a variety of 
data. The data merger 19 constantly assembles variable 
information from a variety of Sources and merges it with 
fixed parameters and operator preselected criteria to deter 
mine whether an event is present to activate the controller 
and disrupt the normal heating cycle of the pool. The merger 
19 is in communication with a modem 17 or similar known 
communications link to enable it to receive from and also 
potentially transmit data to other Sources outside the con 
troller. The data merger 19 includes fixed parameters from 
block 16 Such as the gallons of water in the pool, the pounds 
of water in the pool, the Surface area of the pool, the number 
of heaters for the pool, the energy for each heater, efficiency 
of each heater etc. The fixed parameters 16 also include 
various definitions and constants utilized in the various 
calculations it makes Such as the British thermal unit and the 
factors to convert cubic feet of water to gallons of water, 
gallons of water to pounds of water and BTU's to kilowatts. 
The merged data is available on a common bus to all 
controller functions. 

0047 The fixed parameters 16 further include a variety of 
criteria pre-Selected by the pool operator, which will define 
both the time and weather conditions that the pool will be 
desired to be used. For example, the fixed parameters 16 
include the hours of operation for the pool, the days that it 
operates and the desired water temperature for use and 
related thermostat Settings. The fixed parameters 16 also 
include the criteria that the operator desires to be utilized to 
determine whether the weather will be deemed Suitable for 
Swimming during a time that the pool is Scheduled to be 
open. These parameters can include the minimum ambient 
temperature to permit operation of the pool and the maxi 
mum wind Speed to permit operation of the pool. Additional 
optional factors can be added in, Such as, the degree of cloud 
cover, humidity, direction of the wind, wind chill effect or 
the chance or existence of precipitation as additional factors. 
These preselected factors are compared to the forecast 
weather, as will be described in detail to follow, in order to 
determine whether it will be too cold or windy at the time the 
pool is scheduled for use in the future to determine whether 
the normal heating cycle of the pool should be overridden 
and the heaters shut off. 

0048. The data merger 19 also receives and processes 
information regarding the forecast weather conditions in 
block 18 on either a continuous or periodic basis. The 
forecast weather could be entered manually or more pref 
erably be provided on an automatic basis. In preferred 
Systems, forecast weather data is collected through the 
internet or Similar known communication devices. An 
example of Such a known System that can provide Such data 
is manufactured by Intellicast and provides an hourly fore 
cast for the next forty-eight to Seventy-two hours, which is 
updated as needed. Such forecast data tends to be more 
accurate Since it is updated on a virtually constant basis as 
weather conditions change. The forecast weather that 
occurred during a event and correlated with the event time 
are also provided to the data merger 19 from block 18. These 
forecast weather conditions can include Such things as the 
ambient temperature, humidity level, Velocity of and wind 
Velocity and direction. 
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0049. The data merger 19 is also provided with date and 
time information from block 20. This date and time infor 
mation is utilized to correlate all data in the merger including 
the fixed parameters 16 in the forecast weather 18. In 
preferred Systems the date and time information provided in 
block 20 will automatically update from the internet or other 
known reliable Source of time information. Once the con 
troller 2 is activated, then the data merger 19 is also provided 
with water temperature data from the pool in block 25. This 
data is measured and recorded and correlated with a date and 
time from block 20 in the data merger 19. The pool water 
temperature data 25(Tm) is provided on demand with the on 
site pool thermometer 25. 
0050 AS described above, the data merger 19 constantly 
assembles variable information and merges it with fixed 
parameters to determine whether an event is present to 
activate the controller and disrupt the normal heating cycle. 
The first stage of this logic process is illustrated in block 21 
where it is determined whether an event that may require 
activation of the controllers to override the normal heating 
cycle. The logic followed in determining whether an event 
is present is illustrated in more detail in FIG. 4 and FIG. 7E. 

0051. The controller first examines the limits as previ 
ously Set by the pool operator for each day of operation in 
block 43 of FIG. 4. These limits have been provided as fixed 
parameters 16 to the data merger 19 as illustrated in FIG. 3. 
Although the limits can include other parameters they typi 
cally include at least an ambient temperature below which it 
is deemed the pool will not be in a Swimmable condition, a 
maximum wind speed above which a pool will likewise be 
determined to be un Swimmable and a wind chill table that 
will have wind/temperature relative limits that will also be 
used to determine unswimmable conditions. These limits 
can be varied by the pool operator but function as prese 
lected criteria for a given date and time. Specifying different 
limits for weekends and holidays or other reasons are also 
permitted by the System. 

0.052 AS previously stated, the data merger 19 is pro 
vided with the forecast weather for a time period in the 
future, preferably seventy-two hours. The forecast is 
updated either daily or hourly and as needed if a significant 
change occurs in the weather forecast that would change the 
pool operation. This forecast weather data is represented in 
block 41 of FIG. 4. Determining whether an event is present 
that might cause the heater control to be interrupted occurs 
in block 22. The way in which this is determined is illus 
trated in FIG. 4. 

0053. In the illustrated example, the forecast ambient 
temperature and wind Speed for the pool location as illus 
trated in blockS 42 and 44 are compared to the pre-Selected 
limits in blocks 43, 45 and 47 respectively. The event of the 
controller in block 22 of FIG. 3 can be programmed to 
compare the pre-Selected limits to forecast temperature and 
wind conditions at the next time that the pool is Scheduled 
to open over a three day period. Alternatively, the controller 
can be programmed to compare the pre-Selected limits 
against the average forecast wind and temperature condi 
tions for any period into the future that forecast data avail 
able for or against only the operating hours in each of those 
periods. In block 45, the controller compares the forecast 
temperature to the minimum pool temperature preselected 
by the operator to permit Swimming for the days in question 
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and determines whether forecast temperature is above or 
below those limits. The results of this comparison for the 
entire time period that forecast weather data is available are 
recorded in block 46. 

0054 The controller does a similar comparison in block 
47 to determine whether the forecast wind speed for the time 
period that forecast data is provided will be below the 
maximum preselected by the pool operator to permit Swim 
ming at any of the Scheduled openings of the pool within the 
time period that forecast data is available. This result will 
likewise be recorded in block 46 and correlated with the 
results regarding temperature from block 47. AS part of the 
correlation in block 46, the controller deems that forecast 
weather conditions will be swimmable only when the fore 
cast weather for opening times within the time period that 
forecast data is available will be both above the minimum 
temperature Set by the pool operator and below the maxi 
mum wind Speed Set by the pool operator to permit opera 
tion. A simple example of the foregoing would be a situation 
where the pool operators have determined that the pool will 
not be used unless the ambient temperature is over Seventy 
two degrees and the wind Speed is less than ten miles per 
hour. If for example, the temperature at a Scheduled opening 
of the pool during the time period that forecast data is 
available will be sixty-five degrees and/or the wind speed 
will be twenty miles per hour, then the controller would 
determine that the pool does not need to be heated at the time 
of the next Scheduled opening corresponding to those con 
ditions. 

0055. The controller next proceeds to make an evaluation 
as to whether the normal heating cycle of the pool heaters 
should be interrupted. The last thing the controller does in 
block 46 is evaluate the correlated and recorded results from 
45 and 47. If the temperature is above the limits set by the 
pool operator and the wind speed is below the limit set by 
the pool operator for each of the Scheduled opening times 
within the period that the controller has forecast weather 
data for, it determines that no event is present that requires 
activation of the controller, the controller then takes no 
action and returns to its monitoring mode and checks again 
in an hour in block 23 for any new events in block 22 of 
FIG. 3. Once the controller has received updated forecast 
information it repeats the steps illustrated in FIG. 4. 

0056. If on the other hand it is determined that the 
temperature and/or wind conditions forecast for any Sched 
uled opening within the time period that forecast data is 
available, fall outside of the preselected limits to permit 
Swimming, then the controller will make the determination 
that an event is present. The controller then proceeds along 
the path of making a determination as to whether to interrupt 
the normal heating cycle of the pool as will be described. 
The event 22 can also optionally be programmed So that it 
operates to activate the controller only during times either 
outside of the normal pool operating hours and/or only when 
the current weather conditions at the pool are Swimable. 

0057 Athermometer 25 located at the pool site is utilized 
to obtain continually updated data regarding the current 
temperature of the pool water Tm as illustrated in FIG. 3. 
When the controller 2 determines that an event is present in 
block 22, this means that the forecast weather indicates that 
it will be too cold and/or windy or rainy to operate the pool 
at a Scheduled opening time over the period of time that 
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forecast data is available, which in the described example is 
Seventy two hours arranged as three twenty-four hour peri 
ods. 

0.058. The controller must next determine whether con 
ditions at Some future date within the time period that it has 
forecast data will meet the required criteria for Swimming as 
indicated in 21. If the forecast indicates that Swimable 
conditions will not be present over the entire time period of 
the forecast data, after a short cycle test, a message will be 
generated by the controller to override the heating cycle in 
block 28. At the same time, the controller will send a 
message in block 31 to the merger block 19 to check new 
forecast data as it is received until it finds the next Scheduled 
opening time that is Swimmable in block 21. 

0059. If on the other hand, an event is present and there 
is a Scheduled opening time later within the period for which 
forecast data is available that indicates that conditions will 
meet the pre-Selected criteria for Swimming, the controller 
then proceeds to find the time where the Tm is less than or 
equal to Tc to turn the heaters back 29 on. In order to do this, 
the controller must first calculate Tc as illustrated in FIG. 
7A. The Tc curve represents the time required to heat the 
pool to the temperature pre-Selected by the pool operator by 
that next Scheduled Swimmable opening before Shutting the 
heaters off, taking into account the forecast weather condi 
tions for the intervening time period from block 18 in FIG. 
3. In order to prevent an on/offshort cycle from developing 
there must be a least a two hours between turning the heaters 
off (the current time B' in FIG. 6) and the time the pool is 
to be heated and ready for use (next scheduled Swimmable 
opening A' in FIG. 6). Short cycling is also prevented by 
keeping the heaters on once turned on until the next Sched 
uled opening. Before the heaters are shut off Tm must also 
be confirmed to be greater than Tc. 

0060. When it is desired to have the pool ready for 
Swimming the controller has the capability to determine 
when the heaters must be turned on (when Tm is less than 
or equal to Tc) in order to have the Swimming pool water 
temperature at the pre-Selected temperature at the required 
next Swimmable opening time. The procedure that is used to 
calculate how long to heat the pool once the controller has 
interrupted the heater control for the given forecast condi 
tions is very dynamic. When the system is first brought on 
line (start-up) and the amount of measured data is minimal, 
the System relies on a few measurements and uses math 
ematical models and algorithms to calculate the number of 
hours needed to heat the pool to the desired temperature A 
by the next swimmable opening time A' in FIG. 6. As the 
operation of the controller continues and matures and more 
measurements are made the procedure relies more on actual 
measured performance data from the pool. If the heating of 
the pool water exactly matched the calculated performance, 
Tm would follow the same curve as Tc in FIG. 6 between 
the time D'' and A'. 

0061 Referring to FIG. 6, at time C", the measured water 
temperature Tm is greater than the calculated water tem 
perature Tc and therefore the heaters are kept off by the 
controller. At time D'' the heaters are turned on because the 
measured water temperature Tm is less than or equal to the 
calculated water temperature (Tc). The water temperature is 
preferably measured every fifteen minutes and the compari 
son between Tm and Tc is also made every fifteen minutes. 
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When the measured water temperature (Tm) at the same 
point in time is equal to or less than the calculated water 
temperature Tc (point D' FIG. 6) the water heaters are 
turned on. 

0062) The technical details of the process followed by the 
system and the controller are described below. Once the 
controller is activated and the heaters have been turned off, 
it will thereafter monitor for future events as the forecast or 
actual weather conditions and the pool conditions change 
over time. Changes in these parameters may result in a 
change in the Tc curve and/or the point in time where Tm is 
equal to or less than Tc. For example, if due to any Such 
change, there is now more time than necessary to heat the 
water from the present time to the next Scheduled pool 
opening when the weather conditions will permit Swimming 
than is required to bring the pool temperature to the required 
level (where the conditions did not previously exist) then the 
controller generates a command to override the existing 
heating System in block 29 and Sends a signal the pool heater 
control to turn the heaters off in block 30 as previously 
described. Once this is done, the controller is activated 
maintaining the heaters in the off position until Tm is leSS 
than or equal to Tc based upon the current Tm and forecast 
data. 

0063. The controller will update its calculation of the 
time required to heat the pool every time it receives updated 
forecast data. The System continues to update the Tm every 
quarter hour. As a result, the controller achieves three 
objectives. First, the pool water temperature will usually 
change over time. Second if the forecast conditions change, 
changing the calculated temperature Tc curve to before the 
next required opening time, then the updated calculation will 
result in compensating for this and turning the heaters on at 
the revised time. Third in an extreme condition, the weather 
forecast may change dramatically enough So that what had 
previously been forecast as Swimable conditions at a Sched 
uled opening of the pool in the future have now changed. In 
this instance the system will reset A' in FIG. 6 to a 
Scheduled opening further in the future and recalculate the 
Tc curve in block 24 based upon that value in accordance 
with the procedure illustrated in FIG. 7A. In the alternative, 
the weather forecast could in the period become more 
favorable than that in the original calculation made in block 
24 and FIG. 7A and require less time to bring the pool water 
temperature to the required level at the next Scheduled 
opening time that is Swimmable. In this situation the con 
troller will operate to Save additional energy by recalculating 
the Tc curve and turn the heaters on for a shorter time period 
prior to the next Scheduled opening. 
0064. Referring to FIG. 3, each time the measurement of 
Tm is updated in block 25, the controller also takes this into 
account in its continuous queries in block 26 as to whether 
the time required is greater than the actual time between the 
present time and the next Scheduled opening of the pool 
(TmdTc) when conditions will be swimmable as determined 
in block 21. If Tm is greater than Tc at the present time, then 
the controller takes no action and waits until a time when Tm 
equals or is less than Tc. In the intervening time any new 
data is calculated and updated in block 24 that may impact 
this determination. Whether any updates occur in 24 or not, 
the controller continues to compare Tm against Tc. If Tm is 
determined to be equal to or less Tc in block 26 at the present 
time, then the controller sends a command in block 28 to the 
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heater control 29 to turn the heaters in block 30 on. Every 
time the controllers turn the heaters on in block 30, the actual 
performance of the heating of the pool water (Tm between 
time D'' and A' in FIG. 6) is measured and recorded in block 
32 and entered into spreadsheet calculations in block 24 for 
use when the same conditions are encountered in the future. 
The heaters will then remain on until the next scheduled 
opening time that is Swimmable. At that opening the con 
troller returns to its non-activated monitoring mode looking 
for future events that may cause it to interrupt the heater 
control. At that point the heaters will return to receiving 
commands Solely from the heater control. 
0065. It will be understood by one of skill in the art that 
the methodology described above can also be used to 
determine whether the pool heaters can Successfully be shut 
down during periods of non use, Such as night or days or 
when the pool is either not open or may have limited hours 
of operation. The same principles would apply to shut down 
the heaters and still have the pool ready for the next 
Scheduled opening time and Save energy. 
0.066 Measured data based on actual experience in heat 
ing the pool water is the preferred way to manage the 
operation of the controller. During the initial Start-up phase 
equations using various independent variables calculate the 
performance of the pool for that time period when the same 
conditions are encountered. Based on these calculations and 
the forecast weather the pool is cycled by the controller 
through cooling and heating cycles. The equation based 
cycles are used to collect measured data. If the measured to 
actual performance data is different than the initial calcu 
lated data for Tc then the equations will take that data into 
account for future calculations. The measured data is used to 
improve the independent variable wind velocity over the 
water and the measured data is used to determine the Tc 
curve in the future when the same conditions are encoun 
tered. The equations utilized are described below. The 
forecast wind is not an accurate representation of the wind 
Velocity over the water So therefore the apparent wind 
Velocity over the water is calculated using measured data. 
Calculated Start-up data predicting pool performance is 
replaced by measured data reflecting actual pool perfor 
mance as it becomes available. 

0067. The following symbols and abbreviations are used 
in the calculations set forth below: 

0068 AT is the temperature difference determined by 
Subtracting the temperature of the Swimming pool 
water from the ambient air temperature unless other 
wise noted. 

0069 Btu's are British thermal units. 
0070 F is the symbol for square feet. 
0071 F is the symbol for cubic feet 
0.072 (Number) means the number is in feet. 
0073 hr is the symbol for hours. 
0074 F. is the symbol for degrees Fahrenheit. 
0075 Lbs is the abbreviation for pounds 
0076) HO is the abbreviation for water 
0.077 R is degrees Rankin or ( F+460) 
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0078 Vwf is the wind velocity in mph as forecasted 

0079 Vwc is the wind velocity in mph as calculated 

0080) A is the pool area in F 

Ocon Conduction losses Btus/hir 
Or Radiation losses Btus/hr 
Oc Convection losses Btus/hr 
Oe Evaporation losses Btus/hr 
Os Solar Energy Btus/hr 
Tc Temperature calculated 

0081. A model pool is used to demonstrate the processes 
and equations of the present invention. The model pool has 
an overall conductive loss (through walls or bottom) of 
U=0.1 Btu's/F/AT/hr or less except where specified differ 
ently. U is the overall conductive heat transfer coefficient in 
Btu's/F/AT//hr. A U=0.1 is considered to be good engineer 
ing for conservation purposes and is obtainable in practical 
designs. Conductive losses should be U=0.1 or less. U=0.1 
are very Small losses and do not effect the pool calculations 
enough to be considered. 
0082) Model pool: 

Length L 60' 
Width W 4O' 
Av. Depth D 5.5 
Surface Area = (60')*(40') = 2400 F 
Cubic feed of water = (60')*(40')*(5.5") = 13.200 F 
To convert from cubic feed of water (F) to gallons (g) multiply F by 
7.48 g/F 
Gallons = (13,200 F)*(7.48 g/F) = 98,736 g 

0083) To convert from gallons (g) to pounds (lbs) of 
water multiply gallons of water by 8.34 lbs/g. Pounds of 
water=(98736 g)*(8.34)lbs/g=823,455 lbs Sizing the heater 
for the model pool can be accomplished using well known 
publicly available information such as a RayTherm Com 
mercial Pool Sizing Chart. The first heater selected is a 
natural gas heater, the RayTherm 1083 with 888,060 of 
output Btu's for a pool area of 2400 F and AT=30 F. 
0084. The known data for this heater also indicates: 

For faster heat double Btus/hr: 
Than select next larger: 
High wind note increases it by one model size 

1,760,120 Btus/hr 
2,049,180 BTUs?hr 
2,460,000 BTUs?hr 

0085 Finally the RayThem 3001 with 3,000,000 input 
Btus/hr and output Btus/hr of 2,460,000 according to the 
data sheet. 

0.086 British Thermal Units 
0087. By definition the amount of energy to raise one 
pound of water one degree Fahrenheit is one Btu. By 
extension a pound of water that has lost one degree Fahr 
enheit has lost a Btu of energy. Btus are converted to water 
temperature change using this relationship. Water tempera 
ture changes are converted to Btus with this relationship. 
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0088 Polarity Gains/Losses 
0089. If a energy loss calculation is negative it indicates 
a energy gain. 

0090 Conductive Losses 
0.091 For below grade Swimming pools surrounded by 
earth very little energy is lost through the walls or bottom. 
For above grade Swimming pools with Sufficient insulation 
Such as one inch of fiberglass the conductive losses are also 
very Small. In this invention conductive losses are not 
considered Separately. Any conductive losses are reflected 
indirectly in the measurement of the pool water temperature 
Tm vs. independent variables 
0092 Reference 
0093. The document with title “Energy Smart Pools, 
Version 2.0 for Windows was prepared by U.S. Department 
of Energy, Denver Regional Support Office” is referred to as 
the “DOE Document in this invention. The DOE Document 
is the reference for equations 1, 2 and 3. The equations are 
referred to as DOE Document in the balance of this descrip 
tion. 

0094) Radiation Losses 
0.095 Calculating Radiation Energy Loss Radiation 
losses from warm water to a cool sky are to be calculated. 

0096 Qr is radiation losses (or gains) in Btus/hr 
0097 Ap is the amount of the pool surface exposed 
to the sky in F 

0098 Tp is the average temperature of the pool 
water F. for the n" hour. 

0099 Tsky is the average temperature of the sky F. 
for the n" hour 

0100 Tcp is the average dew point temperature of 
the air F. for the n" hour 

0101 Equation 1a is eq6 from “Measurements and 
Analysis of Evaporation in a Inactive Outdoor Swimming 
Pool” converted to terms used in the present invention and 
from degrees centigrade to degrees Fahrenheit. 
0102 Calculating Convection Losses 
0103 Convection losses occur from the warm water to 
the cool air. 

Qc=(H)(Ap)(Tip-Tdb) (eq.2) 

0104 Qc is the convective heat loss (or gain) in 
Btu S/hr 

0105 H is the convective heat loss in Btus/F/ 
F/hr and H=(1+0.3 Vw) 

01.06) 

01.07 

0108) 

01.09) 

Vw is the wind velocity in mph 

Ap is the pool area in F 
Tdb is the Dry Bulb air temperature 

Tp is the pool water temperature 

Nov. 18, 2004 

0110 Evaporation Losses Calculation 
0111. This equation was adapted to invention terms from 
the Evaporation Rates-Quiet Pool information found in the 
DOE Document. In this invention the pool water tempera 
ture is used for Surface water temperature by definition. PSI 
is calculated by the “PsyFunc” program and PSI is converted 
to in. Hg by multiplying by 2.036 to convert PSI to in.Hg 

0112 Qe is the evaporation heat loss(or gain) in 
Btu S/hr 

0113 Ap is the area in square feet F. 
0114 
0115) 
0116 
0117 Pw is the saturation vapor pressure present at 
the water Surface, PSI 

C1 is 69.4 Btus/hr/F/in. Hg 
C2 is 30.8 Bitus/hr/F/in. Hg 
V is wind speed in mph. 

0118 Pdp is the saturation vapor pressure at the 
ambient air dewpoint, PSI 

0119 PSI are converted to in. Hg by multiplying PSI 
by 2.036 

0120 Converting to Vapor Pressure 
0121. In the spreadsheet a program that calculates vapor 
preSSures was purchased from Linric Company. The pro 
gram is called “PsyFunc' and it works as an add-in to an 
Excel(R) spreadsheet. For instance enter Ta and RH and the 
program will output Grains, Tap, and Pdp. For Pw enter 
100% RH and temperature of the water into the program. 
The program as used calculates PSI for vapor pressures and 
the as the equations use in. Hg. PSI is multiplied by 2.036 to 
convert PSI to in. Hg. 
0122) Solar Energy Input 
0123 Swimming pools are efficient users of Solar energy. 
Depending on a multitude of factors the Solar input energy 
can be significant. The present invention measures the effect 
of the Solar energy every hour by measuring the pool water 
temperature (Tm). The measurement of the Swimming pool 
water (during an event) every hour measures all the inde 
pendent variables that determine the gain or loSS of energy 
in the Swimming pool, including Solar energy input. 

0.124. It is known that the actual instantaneous value of 
Solar radiation depends on the altitude, latitude, time of year, 
time of day, Sky condition, and orientation angle of the 
receiving body. One of the options of the present invention 
is to install the controller at the factory when the heaters are 
manufactured and connect it to a phone line during instal 
lation at the pool. In order to include Solar energy calcula 
tions, a Site a Survey is necessary to determine the amount 
of pool Surface exposed to the Sun on a Seasonal basis and 
to introduce other factors. 

0.125 One option is enter “0” for all the required solar 
inputs in FIG. 7D columns C9 to C20). In this case the 
System is fail-safe in Start up. By doing this, the equations 
assume that there is no Solar energy input and that it will take 
a longer time to heat the pool by the calculations of the 
equations. The result of this is that the pool is ready Sooner 
than needed since there actually is Some Solar energy input 
that will reduce the necessary heating time. In any case with 
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a mature System managed by measured data all independent 
variables (including Solar) are included in the measure 
mentS. 

0.126 Another option for taking Solar input into account 
is now demonstrated. The Solar energy input can be derived 
from a known publicly available Source Such as a manual 
entitled Solar Radiation Data Manual for Flatplate Concen 
trating Collectors available from The National Renewable 
Energy Laboratory. The nearest physical location to the pool 
that data is available for can be found in the manual and the 
average monthly data for Zero degree tilt is used. Spread 
sheet calculations for this input are shown in FIG. 7D. The 
total Solar input for the day is divided evenly between the 
daylight hours and corrected in a fail-safe manor with daily 
forecast weather data. 

0127. With reference to the columns of FIG. 7D: 
0128) A9 to A20 Month of year 
0129 B9 to B20 Enter the average kWh/m from 
NREL manual in column “B” for each month. 

0130 C9 to C20 are Btu's/F/day=(317.2)*(kWh/ 
m°/day) 

0131 D9 to D20 and E9 to E20) Enter Sunrise 
and Sunset for each month in columns D and E 
respectively. Use a 24 hour clock and round each 
time off to nearest hour. 

0132) F9 to F20 Hours of daylight=(Sunset)–(Sun 
rise) 

0133) G9 to G20 Btu's/F/hr=(Btu's/F/day)/ 
(Hours of Sun light) 

0134) H9 to H20 Enter the area of the pool in 
Square feet as Ap column H. 

0135) I9 to I20 Enter a shade factor for each month 
in column I. The shade factor is the percentage of the 
pool exposed to the Sun each month divided by 100. 

0136 J9 to J20 Enter Screen room factor. Use 0.66 
for Screen room factor if a Screen room is present and 
the exact number is unknown. 

0137 K9 to K20) Is the daily rain factor for the 
hours of sunlight it is “O than K9 to K20) is a 
numeric 1. Otherwise a numeric 0. 

0138 L9 to L20 is the clear sky factor from 7-5 
U33). U33) is the average of the clear sky factors 
for the daylight hours or 0.88 in this example. 

0.139. The delta temperature change due to solar radiation 
(ATS) or (AQs) for calculations is obtained from FIG. 7D 
Solar Radiation Energy for the correct month U9 to U20 
for rain and “1” otherwise. The factor is derived in FIG. 7E 
and if M31 is true a logic “1” as shown 
0140 Calculating Wind Velocity Over the Water (Vwa) 
0.141. The present invention calculates the apparent wind 
velocity over the water (Vwa) based on measured data. 
Except for the wind Velocity, the independent variables are 
Suitable for use to calculate the pool reaction to various 
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weather Scenarios. All the independent variables depend on 
the forecast weather but the wind velocity is modified by 
calculations. The measured change in pool temperature 
(T2-T1) is used with the equations to calculate the apparent 
wind Velocity over the pool. The essential procedure is to use 
all independent variables and known factors as Stated and 
from these given values calculate the apparent wind Velocity 
over the pool water. 
0.142 Because the wind velocity is highly dependent on 
the direction the wind is coming from the data is divided into 
eight Sectors of plus and minus 22 degrees as listed in FIG. 
7C. 

0143. The wind velocity used in the spreadsheet calcu 
lations (Vwc) to determine how long to heat the pool are the 
average of five (Vwa) measurement/calculations. 
0144. The first step in calculating Vwa is to determine the 
total change in energy in the pool for nth hour based on 
measured and known data. 

A Energy Change=AE1=(T2-T1)(bs of HO) Btus/hr eq.5 

0145 T2 is the temperature at the end of the mea 
Surement. 

0146 T1 is the temperature at the beginning of the 
measurement. 

0147 The term (Ibs of H2O) is the pounds of water in the 
pool. In the spreadsheets (Qx) that are Btus/hr are often 
divided by pounds of water in the pool to put the data in 
terms of temperature ATX. 
0.148 AE2 is also equal to the sum of Qh plus Qs less the 
losses of Or, Qc and Qe. 

E2=(Oh+Qs-Or-Qc-Qe) Btus/hr eq.6 

0149 AE1=AE2 in this invention by definition. 
Than: (T2-T1)(bs of HO) Btus/hr=(Oh+Qs-Or 
Qc-Qe) Btus/hr eq.7 

0150. The energy change, all the variables and constants 
are known to acceptable limits except wind Velocity over the 
water (Vwa). The variables and constants are plugged into 
both sides of equation 7 and the equation is solved for Vwa 
for the nth hour. 
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0151. By forcing a measured value to be equal to a 
calculated value in equation 8a, the possibility of a negative 
wind is mathematically created. Vwa picks up any errors in 
the input constants Such as Btu S/hr input, pounds of water 
in the pool or other isues. A negative wind indicates that the 
wind at least mathematically is putting energy back into the 
Swimming pool. The wind is named the apparent wind 
(Vwa) and a mathematically negative wind is acceptable as 
Vwa is now a correction factor. The term apparent wind is 
now a correction factor to make a calculated value based on 
equations agree with a measured value. 

0152 All the identified energy losses and gains are cal 
culated and Subtracted from (or added to) the total measured 
energy En. The modified energy number is divided by the 
multipliers on Vwa. The data calculated is entered in the 
matrix shown as FIG. 7D as the velocity of the wind 
apparent Vwa vs. Vwf. 
0153 Spreadsheet Calculations 

0154 Calculate Tc 
0155 The purpose of the calculations in FIG. 7A is to 
determine the projected pool water temperature (Tc) at the 
nth hour at Some future date based upon forecast data. The 
desired time, date and temperature of the pool at the next 
Swimmable Scheduled opening is required for the first entry. 
For the example shown the time is 9:00 AM on Jan. 16, 2010 
and the desired temperature is 82 degrees (IL), 37 in this 
example). The temperature at Te is the temperature at Tea, 
with energy gains (expressed as temperature changes) Sub 
tracted and energy losses added (a calculated T2-T1). Tc is 
calculated backwards from the future date towards the 
present date. The Tc as used in FIG. 7A can be recalled from 
previous measurements T2-T1 from the X-Y Matrix in FIG. 
7F if available. The recalled (T2-T1) is used if a measured 
data cell can be located for existing conditions. If no 
measured (T2-T1) cell is located the Tc is calculated and as 
demonstrated in FIG. 7A. The X-Y Matrixes (32 of them 
with a sample shown a FIG. 7F) are identified by time of 
day, wind direction, vapor preSSure differential and wind 
Velocity. If no cell is located for these same independent 
variables Tc is based on calculations. 

0156 Column and row labels are furnished and used. A 
is read as column A. A is the sheet number. Read 18 as 
row 18. A7 is read as column A row 7. The spreadsheets 
illustrated in FIGS. 7A and 7B presented give a cross 
Section of operations. Until indicated otherwise time is 
frozen at 10:01 AM on Jan. 15, 2010. FIG. 7A will be 
covered with this time as the reference. At Some point prior 
to 10:00AM on Jan. 15, 2010 the decision was made to shut 
the heaters off based on criteria and forecast issues discussed 
previously. 

O157 A is the number of this spreadsheet and 
coverS 24 hours. 

0158 B1 to B8 are labels for C1) to C8 that are 
information required for spreadsheet calculations. 

0159 B1 is spreadsheet date at Jan. 15, 2010. 

0160 B2 is pool area in F as listed in C2 
0161 C1) is spreadsheet time at 10:01 AM (Time is 
frozen at 10:01 for this discussion) 
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0162 B4 is pounds of water in the pool as shown 
in C4 

0163 B5Qh is the heater input in Btus/hr as listed 
in C5) 

0164, B7 is Qh/lbs of water=(ATh) F. In this 
example it is 2.99 as shown in C7). 

0165 B8) is the label for the altitude of the pool and 
the altitude in feet is inserted into C8). 

0166 B14 to B37 are the date 
0167 C14 to C28) is the time 
0168 DVw is the forecast wind velocity in mph 
01.69 E is forecast wind direction in degrees mag 
netic 

0170 FTa is the forecast temperature in degrees 
F. also called Tab or dry bulb temperature in some 
weather forecasts. 

0171 GRHa is the forecast Relative Humidity of 
the ambient air 

0172 H Gr is grains of water a term needed to 
calculate Tdp 

0173 
in F. 

ITdp is the forecast dew point temperature 

0.174 J. Pdp is Saturation vapor pressure for ambi 
ent air in PSI 

0.175 K Is the measured pool water temperature 
0176 LTc is the Temperature calculated at the nth 
hour. 

0177 M is the Pw or saturation vapor pressure of 
the water in PSI. 

0178 N) is (Pw-Pdp) in PSI 
0179 IO is the sky temperature Tsky in F. (Equa 
tion 1a) 

0180 P and Q are terms used in the equations to 
calculate ATr. 

0181 R is Qe (Equation 3) divided by lbs of water 
in the pool for ATe in F. 

0182 S is Qc (Equation 2) divided by lbs of water 
in the pool for ATc in F. 

0183 T) is Qr (Equation 1) divided by lbs of water 
in the pool for ATr in F. 

0184 U is Qs (From 7-4 Solar Radiation Energy) 
divided by lbs of water in the pool for ATs in F. 

0185 V is Vwc the wind velocity in mph 
(imported from FIG. 7-3) 

0186 Calculate Vwa (FIG. 7B) 
0187. Only those terms or equations that are not the same 
as FIG. 7A are described below. The time reference for this 
sheet is Jan. 16, 2010 at 9:01 AM or the events on this page 
are in the past. The purpose for this sheet is to calculate Vwa 
after measured (T2-T1) data is available. 
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0188 L Tc is the Temperature calculated and 
imported from FIG. 7A as a reference. 

0189 (O) is Qr (Equation 1), Btus/hr imported 
from 7A as ATr and multiplied by pounds of water. 

0190 IP is Qs (From FIG. 7D Solar Radiation 
Energy), Btus/hr imported from 7-1 as ATs and 
multiplied by pounds of water. 

0191) IQ is AEn1 (Equation 5) 
0.192 R is K1 (Equation 3b). 
0193 IS) is L1 (Equation 2b) 
0194 T is K3 (Equation 3d) 
0.195 U is L3 (Equation 2d) 
0196) VI is Vw.A (Equation 8d) the wind velocity in 
mph that is caculated on this sheet. 

0197) The calculated Vwa is inserted into FIG. 7D in one 
of the eight spreadsheets used to track Vwa per wind 
direction Sector and calculate Vwc as a function of wind 
direction. Vwc is the average of five Vwa calculations. Do 
not use the first Vwa calculated when the heaters are turned 
on and stop calculating Vwa when Tm reaches Tswim (Tm> 
or equal to Tswim). Vwa is not calculated or at least not 
recorded in the spreadsheet in FIG.7C unless the heaters are 
O. 

0198 Compare Tm to Tc. During an event when the 
heaters are shut down by the controller, the measured water 
temperature Tm in column K of FIG. 7B is compared to the 
calculated water temperature Tc in column L for the nth 
hour. AS long as Tm is greater than Tc the heaters are 
maintained off. When Tm is less than or equal to Tc the 
heaters are turned on. This occurs in K24 in the example 
illustrated in FIG. 7B. 

0199 Vw Matrix with Start-up Values (FIG.7C) 
0200 Each 45 degrees of wind direction has a Vw Matrix 
in this example. 

0201) 
0202) The installer on site determines a minium wind 
B3 and a wind factor B4 that are inputted to the system. 
The minimum wind and wind factor are used to make an 
equation of the form (y=a+bX), where the minimum wind is 
“a” and “b' is the wind factor. y is the data and X is Vwf. The 
Straight line (y=a+bx) equation is used to fill in the matrix in 
the spreadsheet in FIG. 7C at start-up. The matrix is 
overwritten as Vwa calculations become available as the 
controller operates over time. 
0203 The matrix operates on a first in first out basis. That 
is when a new Vwa is calculated C moves to D), D 
moves to E etc. The prior Evalue is eliminated. For every 
input the data is recalculated and H is the sum with I 
being the average of the five Vwa inputs. VwcI) is the 
number use in FIG. 7A to calculate the Tc. Matrixes are 
addressed by wind direction sector as shown in FIG. 7H. 
0204] Solar Energy Input (FIG. 7D) 
0205 The Solar energy input is derived from a manual 
called Solar Radiation Data Manual for Flat plate Concen 
trating Collectors available from The National Renewable 
Energy Laboratory. The nearest site location to the pool 
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determined in the manual and the average monthly data for 
Zero degree tilt is used. Spreadsheet calculations for Solar 
energy input are shown in FIG. 7D. 
0206 With Reference to FIG. 7D: 

0207 Enter the kWh/m in column “B” for each 
month. 

0208 Enter Sunrise and Sunset for each month in 
columns D and E respectively. Use a 24 hour clock 
and round each time off to nearest hour. 

Hours of daylight=(Sunset)-(Sunrise) 
Btu's/F/hr=(Btu's/F/day)/(Hours of sun light) 

0209 Enter the area of the pool in square feet as Ap 
column H. 

0210 Enter a shade factor for each month in column 
I. The Shade factor is the percentage of the pool 
exposed to the Sun each month divided by 100. 

0211 The delta temperature change due to Solar 
radiation (ATS) or (AQs) for other uses is obtained 
from FIG. 7D. 

0212 Forecast Weather and Hourly Logic (FIG. 7E) 
0213 The forecast weather is entered as seventy two one 
hour increments and then updated at least once every twenty 
four hours or more often. The forecast weather is stored in 
spreadsheets as shown in FIG. 7E. FIG. 7E illustrate twenty 
four hours of one hour increments and it is one of three 
Spreadsheets required. If the average weather forecast 
changes more than preset limits the Site is updated imme 
diately with the revised information. The forecasted weather 
is Stored on these sheets in the appropriate row and column. 
Determinations are also made as to the pool being open or 
closed at given times depending on pool operator choices. 
0214 FIG. 7E: 

0215 A2 is the date of the forecast information on 
this sheet for the time at C8hours 1 to 24. 

0216 A is the number of the hour and 1 thru 24 are 
shown. The number is used in Some calculations. 

0217 B thru Crows 1 thru 3 are sunrise and 
Sunset information not used on this sheet but inputted 
to this sheet as part of the weather forecast down 
load. Sunrise/sunset is used in FIG. 7-4. 

0218 F1) and G1 is the opening time in 24 hour 
clock. 

0219 F2 and G2 is the closing time in 24 hour 
clock. 

0220) F3) and G3) is the number of hour open. 
0221 B8 to B31) is the sheet number. 
0222 C8 to C31 time in 24 hour clock. 
0223 D8 to D31) is the scheduled opening and 
closed times of the pool. If the pool was operated 24 
hours a day all entries would be “Yes”. 
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0224 E8 to E31) is the forecast wind Vwf for this 
date/hour. 

0225 F8 to F31) is the direction of the forecast 
wind. 

0226 G8 to G31) is the forecast ambient tem 
perature for this date/hour. This number is also used 
for the dry bulb temperature. 

0227 H8 to H31) is the forecast relative humidity 
for this date/hour. 

0228 I8 to I31) is the forecast dew point tem 
perature Tdp for this date/hour. 

0229. In the example presented as part of FIGS. 7A and 
7B the dew point is calculated. The calculation is not 
required when the forecast dew point is available. 

0230 J8 to J31) is the forecast percentage rain for 
each date/hour. 

0231 K, L and M is the data to be averaged to 
determine the Status of the pool. 

0232 Averaged data is normally used over the operating 
hours (or other hours as selected) to determine if the pool 
meets criteria for heating. The numbers for K.L and 

0233 Mare from EG and J respectively. 
0234) J32) is the label for the sum. 
0235) J33) is the label for the average. 
0236) J33) is the label for the limits. 
0237) J34) is the label for logic decisions. 
0238 K32) is the sum of K8) to K31 
0239 L32) is the sum of L8 to L31 
0240 M32) is the sum of M8 to M31) 
0241) N32) is the sum of N8 to N31) 
0242 N8 to N31) are imported from FIG. 7-3 
B6 as a function of wind direction F). They are 
wind limits for each wind sector. 

0243) K33) is the average of K32 divided by G4 
the number of open hours (12 hours in this example). 

0244 (L33) is the average of L32 divided by G4 
the number of open hours (12 hours in this example). 

0245 (M33) is the average of M32 divided by 
G4) the number of open hours (12 hours in this 
example). 

0246 N33) is the average of N32 divided by G4 
the number of open hours (12 hours in this example). 

0247 K34) is the limit for the average forecast 
wind (Vwf). K35) is a logic “1” if the average is less 
than the limit. It is a logic “0” otherwise. K35} 
follows this logic level. 

0248 L34 is the limit for the average temperature 
from N33 the average of the temperature limits and 
L35) is a logic “1” if the average is more than the 
limit. It is a logic “0” otherwise. 
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0249 M34) is the limit for the average forecast 
rain. M35) is a logic “1” if the average is less than 
the limit. It is a logic “0” otherwise. 

0250) 08 to 031) is a “1” if D is a Yes and “0” 
otherwise. 

0251 P8 to P31 follow K35) 

0252) Q8 to Q31 follow L35). 

0253) LR8 to R31) follow M35) 
0254) S is AND gate with inputs OPQ) and 
R 

0255 To test if the heaters may be shut down (when a 
event is possible) S is searched from present time forward 
until a “1” is found. The time/date, where the “1” is found, 
is reported to the spreadsheet illustrated FIG. 7A and 7B as 
the time date the pool is to be open and at Swimming 
temperatures (Tswim). In the event no “1” is located the 
need to calculate Tc to shut the heaters off is overridden and 
the pool is allowed to close. Normally the measured tem 
perature Tm (current time) must be greater than Tc for the 
same time but if the opening is further in the future (no “1” 
in SFIG. 7E) then the spreadsheets cover this requirement 
is over ridden. After a “1” is located in SI(or overridden) the 
Tc is calculated. If TmdTc current time and the current S 
and the S for the next hour are both “0” the heaters are shut 
off. 

0256 Measured Data 
0257 With reference to FIG. 7FB3) is the matrix iden 
tifier (address). The data (T2-T1), the difference between 
actual performance of the pool VS. produced performance 
during a controller heating cycle as measured during a 
controller heating cycle is used to fill out the cells of the X-Y 
Matrix FIG. 7F. The cells are the delta temperature changes 
recorded and recalled with Vwf on the vertical axis and 
Pw-Pdp on the horizontal axis. The 32 matrixes required for 
eight wind directions and four times of day are listed in FIG. 
7G. In the future measured data in the cells (T2-T1) is 
recalled and used to determine Tc as shown in FIG. 7A. 
From the time and temperature that the pool is to be at 
Swimming temperature (as shown in FIG. 7A) Tc is deter 
mined by Subtracting the (T2-T1) temperature change for 
each hour backwards. To determine Tc (FIG. 7A) the 
database of measured data (FIG. 7F) is searched. If the cell 
contains measured data it is used in place of a calculated Tc 
in FIG. 7A. The cells are identified by time of day, wind 
direction, forecast wind (Vwf), and vapor pressure differ 
ential (Pw-Pdp). If the cell contains no measured data the Tc 
is calculated as previously discussed. Data is Stored into the 
X-Y Matrix (FIG. 7F) after being recorded during a heating 
event as shown on the spreadsheet “Calculated Vwa and 
Recorded Tm” (FIG. 7B) for the appropriate conditions. 
0258 Latch Event Heat-up Cycle 

0259. At point D and time D'' as illustrated in FIG. 6, a 
latch is set until the date and time of point A' is reached. 
There are three options described for the system. 

0260 Option 1 is to keep the heaters on until point A 
and/or time A" are reached in FIG. 6 under all circum 
StanceS. 
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0261 Option 2 is to allow the heaters to be shut off if the 
weather forecast changes during a controller heater indicat 
ing the pool will not be used at the originally established 
opening A'. In this case, a new A' must be found in the 
future and the Tc curve must be recalculated. 

0262 Option three is to allow the heaters to be shut off at 
any time from point D to point A of FIG. 6 if Tm gets ahead 
off Tc by a preset amount Such as 4 degrees. The System 
would then keep the heaters off until Tm>Tc by a lower 
pre-Set amount Such as 2 degrees. It is best to make these 
changes on the hour. Options 2 and 3 can be combined. 
0263. The foregoing detailed description of the preferred 
embodiments of the invention has been provided for the 
purpose of explaining the principles of the invention and its 
practical application, thereby enabling otherS Skilled in the 
art to understand the invention for various embodiments and 
with various modifications as are Suited to the particular use 
contemplated. This description is not intended to be exhaus 
tive or to limit the invention to the precise embodiments 
disclosed. Modifications and equivalents will be apparent to 
practitionerS Skilled in this art and are encompassed within 
the Spirit and Scope of the appended claims. 
We claim: 

1. A method for controlling the heating of a Swimming 
pool having a heater with a control mechanism, comprising 
the Steps of: 

establishing and recording a minimum temperature, a 
maximum wind Speed, pool water temperature and a 
plurality of times and dates in the future that will permit 
use of Said pool; 

checking the forecast weather for a first future time period 
and comparing the forecast air temperature and wind 
Speed against Said air temperature and wind Speed from 
Said establishing Step for Said time period to determine 
if they will not permit use of said pool for any of said 
times and dates established in Said establishing Step 
within Said first future time period and recording the 
first Said unpermitted time and date, 

determining the next time and date in Said first future time 
period that is after Said first unpermitted time and date 
recorded in Said checking Step that will permit use of 
Said pool by comparing the forecast air temperature and 
wind speed for the remainder of said first future time 
period to Said air temperature and wind Speed from Said 
establishing Step and recording any Said next time and 
date; 

calculating the time required for Said heater to heat the 
pool water to Said temperature from Said establishing 
Step prior to Said next time and date that will permit use 
of Said pool from Said determining Step and predicting 
the temperature of the water in the pool for all times 
between the current time and date and Said next time 
and date that will permit use of Said pool from Said 
determining Step utilizing the forecast weather for this 
time period; 

measuring the temperature of the pool water, 
periodically comparing the measured pool water tempera 

ture from Said measuring Step and Said predicted pool 
water temperature from Said calculating Step for the 
Same time; 
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overriding the heater control mechanism and causing the 
heater to be turned off if Said checking Step records a 
first unpermitted time and date and Said measured pool 
water temperature is greater than Said predicted pool 
water temperature and thereafter causing Said heater to 
be turned on if Said measured pool water temperature is 
not greater than Said predicted pool water temperature; 
and 

returning control to Said heater control mechanism at Said 
next time and date that will permit use of Said pool from 
Said determining Step. 

2. The method of claim 1 further comprising the step of 
recording and correlating the measured pool water tempera 
ture from Said measuring Step and comparing it to the 
predicted pool water temperature from Said calculating Step 
whenever the overriding Step causes said heater to be turned 
O. 

3. The method of claim 1 wherein said step of returning 
control further comprises repeating Said checking, determin 
ing, calculating, measuring, periodically comparing and 
overriding Steps for future time periods. 

4. The method of claim 3 further comprising the step of 
recording and correlating the measured pool water tempera 
ture from Said measuring Step and comparing it to the 
predicted pool water temperature from Said calculating Step 
whenever the overriding Step causes said heater to be turned 
O. 

5. The method of claim 4 wherein said calculating step 
takes into account any differences between the measured 
pool water temperature during the time that Said heater is 
turned on in Said overriding Step to the predicted pool water 
temperature and adjust the time required for the Said heater 
to heat the pool accordingly upon encountering the same 
forecast weather conditions in the future. 

6. The method of claim 5 wherein said establishing step 
also establishes a maximum rainfall that will permit use of 
Said pool and Said checking and determining Steps to com 
pare Said maximum rainfall to the forecast rainfall to deter 
mine whether use of said pool will be permitted for any of 
Said times and dates established in Said establishing Step. 

7. The method of claim 1 wherein said calculating step 
takes into account at least one of the following: 

Solar energy, wind direction, Shade and dewpoint. 
8. The method of claim 1 wherein said calculating step 

takes into account Solar energy, wind direction, Shade and 
dewpoint. 

9. The method of claim 1 wherein the forecast weather in 
Said checking Step is periodically updated. 

10. The method of claim 9 wherein said calculating step 
and Said periodically comparing Step are performed again 
any time Said periodic update of Said forecast weather 
indicates a change in the forecast weather. 

11. The method of claim 1 wherein said step of overriding 
the heater control mechanism further requires there to be a 
minimum preselected amount of time between Said first 
unpermitted time and date and Said next time and date that 
will permit use. 

12. An apparatus for controlling the heating of a Swim 
ming pool comprising, 

a heater with a control mechanism; 
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means for recording a minimum temperature, a maximum 
wind Speed, pool water temperature and a plurality of 
times and dates in the future that will permit use of Said 
pool; 

means for checking the forecast weather for a first future 
time period and comparing the forecast air temperature 
and wind Speed against Said air temperature and wind 
Speed from Said recording; 

means for said time period to determine if they will not 
permit use of Said pool for any of Said times and dates 
recorded by Said recording means within Said first 
future time period and recording the first Said unper 
mitted time and date; 

means for determining the next time and date in Said first 
future time period that is after Said first unpermitted 
time and date recorded by Said checking means that 
will permit use of Said pool by comparing the forecast 
air temperature and wind Speed for the remainder of 
Said first future time period to Said air temperature and 
wind Speed from Said recording means and recording 
any Said next time and date; 

means for calculating the time required for Said heater to 
heat the pool water to Said temperature in Said record 
ing means prior to Said next time and date that will 
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permit use of Said pool from Said determining means 
and predicting the temperature of the water in the pool 
for all times between the current time and date and Said 
next time and date that will permit use of Said pool from 
Said recording means utilizing the forecast weather for 
this time period; 

means for measuring the temperature of the pool water; 
means for periodically comparing the measured pool 

water temperature from Said measuring means and Said 
predicted pool water temperature from Said calculating 
means for the same time; 

means for overriding the heater control mechanism and 
causing the heater to be turned off if Said checking 
means records a first unpermitted time and date and 
Said measured pool water temperature is greater than 
Said predicted pool water temperature and thereafter 
causing Said heater to be turned on if Said measured 
pool water temperature is not greater than Said pre 
dicted pool water temperature; and 

means for returning control to Said heater control mecha 
nism at Said next time and date that will permit use of 
Said pool from Said determining means. 
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